Introduction: Adequate nutrition, including intake of dietary calcium and vitamin D, is important to maintain bone health. Evidence suggests that a deficiency in micronutrients may contribute to bone loss during aging and exert generalized effects on chronic inflammation. Recently, the Dietary Inflammatory Index (DII) was developed to assess the inflammatory potential of individual diets. Our aim was to evaluate the DII in a representative sample and verify its association with low-impact fractures. Methods: Individuals from The Brazilian Osteoporosis Study (BRAZOS) database had their DII calculated. BRAZOS is an important cross-sectional epidemiological study carried out with a representative sample of men and women ≥40 years old. The research was conducted through in-home interviews administered by a trained team. Nutrition Database System for Research (NDSR) software was used to analyze data on the intake of nutrients, which were employed to calculate the DII using Statistical Analysis Software (SAS®) and Statistical Package for the Social Sciences (SPSS®) to assess its association with low-impact fractures. Results: A total of 2269 subjects had their DII score calculated using information from 24-h recall data. Males had lower DII than females (DII = 1.12 ± 1.04 vs DII = 1.24 ± 0.99, p = 0.012). Women taking statins had lower DII (DII = 0.65 ± 1.14 vs DII + 1.26 ± 0.98, p = 0.002), indicating a greater potential for diet-related anti-inflammatory effects. Conclusion: Our findings suggest that women might have a pro-inflammatory diet pattern compared to men. However, we did not find any association between DII scores and low-impact fractures.
Introduction
Osteoporosis is a systemic skeletal disease characterized by loss of bone mineral density (BMD), impairment of resistance and bone microarchitecture, and higher risk for low-impact fractures [1] . According to the Brazilian Osteoporosis Study (BRAZOS), about 15.1% of women and 12.8% of men reported fragility fractures [2] . More recently, two Brazilian epidemiological studies, SAPOS and SAPORI (Sao Paulo Osteoporosis Study and Sao Paulo Osteoporosis Risk Index), showed that 33% of postmenopausal women had osteoporosis as diagnosed by Dual-energy X-ray absorptiometry (DXA) measurements, supporting the original findings of BRAZOS [3, 4] .
Chronic inflammation is associated with a number of chronic non-communicable diseases (CNCDs), including cancer, cardiovascular diseases, obesity, and diabetes mellitus [5] . It is also related to a higher risk of fractures in women, particularly those with higher CRP [6] . In addition, recent evidence indicates a relationship between oxidative stress and osteoporosis, but its role in fractures is still poorly understood [7, 8] . Therefore, the intake of antioxidants could possibly influence BMD in a positive way.
Adequate nutrition, including dietary calcium and vitamin D intake, along with healthy lifestyle changes, are important approaches to minimize bone loss with aging and potential targets for intervention in preventing osteoporosis [9] . Certain micronutrients, including polyphenols, vitamins, polyunsaturated fatty acids (PUFAs), and carotenoids have anti-inflammatory and antioxidant properties [10] . These micronutrients as part of a healthy dietary pattern can help modulate inflammation and oxidative stress and also may be associated with lower CRP levels [11, 12] . Several studies conducted in different populations have shown that the Mediterranean pattern, comprising grains, fruits, vegetables, olive oil, low-fat dairy products, poultry, and nuts, is associated with lower serum levels of CRP and higher plasma levels of adiponectin, suggesting an anti-inflammatory role [13] [14] [15] . In contrast, the Western dietary pattern, characterized by a high intake of red meat, high-fat dairy products, and refined grains, is associated with higher CRP serum levels [16] .
The Dietary Inflammatory Index (DII®) was developed to provide an overall score of the inflammatory potential of individual diets, based on actual food consumption data, in order to predict levels of inflammatory markers [17] . The DII has been validated with inflammatory markers, including associations with CRP [18, 19] , interleukin-6 [20] , and homocysteine [21] . It has also been associated with the glucose intolerance and dyslipidemic components of metabolic syndrome [19] , asthma [20] , and prostate cancer [22] .
Recently, three studies have been conducted to examine the relationship between DII scores and fractures [23] [24] [25] . The first one was conducted in a large sample of American women, reported finding that high DII scores, indicating a more inflammatory diet, was associated with increased hip fracture risk. However, this finding was limited only to White women [23] . A case-control study in China, confirmed these findings, in both genders, suggesting that pro-inflammatory diet (with lower DII scores) could be positively associated with higher hip fracture risk [24] . More recently, the Osteoarthritis Initiative study, a longitudinal study with a follow-up of 8 years included 3648 participants, showed that higher DII scores were associated with a higher incidence of fractures, but only in women [25] .
We hypothesized that DII would be higher, indicating a more pro-inflammatory diet, in individuals with low-impact fractures. This is the first study to evaluate and describe the inflammatory potential of individuals' diets in a representative sample of the Brazilian adult population.
Material and methods

Subjects
Data were included from the BRAZOS study. Briefly, BRAZOS is a cross-sectional population-based study that evaluated age, demographic and anthropometric data, socio-economical aspects, general knowledge about osteoporosis, recurrent falls, medical history, previous fracture, gynecological and reproductive history, familial history of hip fracture after 50 years of age in first-degree relatives, quality of life, current concomitant medication, and comorbidities [2] . Fragility or low-impact fracture was defined as those associated with a fall from standing height or less after age 50 years. Skeletal sites for fragility fractures were axial (ribs, lumbar and thoracic vertebrae) and peripheral bones (forearm, humerus, and femur). Traumatic fractures and those occurring at sites not characteristic of bone fragility (face, skull, tibia, fibula and femoral diaphysis) were excluded from the analysis. Individuals experiencing two or more falls in the previous 12 months were defined as chronic fallers. The presence of cognitive deficiencies (neurological diseases or senile dementia) that could impair the participant's ability to provide informed consent and trustworthy data were excluded from participating in the study. Only one individual > 40 years old per domicile was permitted to participate. All participants gave written informed consent prior to participation in the study and the research ethics committee of the Universidade Federal de São Paulo/Escola Paulista de Medicina approved with the protocol number 1738/05.
Food intake and dietary inflammatory index
To compute the DII, we analyzed data from one 24-h recall interview (24HR). Methods of calculating the DII from the food parameters have been described previously [17] . Briefly, the dietary data were first linked to a world database that provides a robust estimate of mean and standard deviation for each food parameter included in the DII. These parameters then became multipliers to express an individual's exposure relative to the "standard global mean" as a z-score. This was achieved by subtracting the "standard global mean" from the amount reported and dividing this value by the standard deviation. To minimize the effect of right-skewing, this value was then converted to a centered proportion score. The centered proportion score for each food parameter and subject was then multiplied by the respective food parameter effect score in order to obtain a food parameter-specific DII score. All of the food parameter-specific DII scores were then summed to create the overall DII score for each study subject.
DII scores were categorized into sex-specific quartiles. The greater the DII score, the more pro-inflammatory the diet; more negative values represent a more anti-inflammatory pattern. Participants reported food and beverages consumed the day before in detail. The 24HR was administered at home and filled out by an interviewer trained by an experienced nutritionist in this method. Food data were converted to the respective values of macro and micronutrients using Nutrition Data System for Research version 2005 software (NDSR, University of Minnesota). Energy was adjusted using the residual method described by Willett and Stampfer [26] . Reference values were analyzed considering The Dietary Reference Intakes (DRIs) [27] [28] [29] according to age and gender.
In total, 24 of 45 possible food parameters were analyzed to obtain the overall DII score. These included energy intake, carbohydrates, total fat, proteins, cholesterol, saturated fatty acids, monounsaturated fatty acids (MUFAs), PUFAs, fiber, vitamins A, D and E, and minerals such as magnesium, zinc, and selenium.
Anthropometrics
Body weight (kg) was measured to the nearest 0.1 kg using a balance beam scale after removal of shoes and heavy outer clothing. Height (cm) was measured after removal of shoes using a stadiometer. Height and body weight were used to calculate body mass index (BMI, kg/m 2 ). Nutritional status was categorized according to WHO criteria [30] .
Statistical analysis
Data are presented as mean and standard deviation (SD) for continuous variables or as frequency and proportion for categorical variables. Mann-Whitney test was used to compare continuous variables for two groups, and the Kruskal-Wallis test was used for three or more groups, for which multiple comparisons were performed with Mann-Whitney test with Bonferroni corrections. The Chi-square test was conducted to determine the relationship between categorical variables, and Spearman correlation coefficients were computed for continuous variables.
For testing effects on fractures, DII was converted to quartiles based on the frequency distribution in the overall population. Race was dichotomized into 'White' and 'non-White'. BMI was categorized into underweight (< 18.5 kg/m 2 ), normal weight (18.5 to < 25.0 kg/m 2 ), overweight (25.0 to < 30.0 kg/m 2 ), and obese (≥ 30.0 kg/ m 2 ) according to WHO classification [30] . Socioeconomic status (SES) was categorized according to the Brazilian Institute of Geography and Statistics (IBGE) [31] as classes A and B (greater or equal to 15 times the minimum wage), C (3 to 5 times the minimum wage), and D and E (1 to 3 times the minimum wage).
Logistic regression analysis models were designed using DII as the independent factor to predict low-impact fractures. All analysis were performed using SPSS® software version 22.0 for Windows (SPSS Inc., Chicago, Illinois). The significance threshold was set at 0.05. The DII scores were calculated using SAS®.
Results
A total of 2269 individuals had their DII score calculated. We excluded data from 151 participants, mostly women, who had insufficient data or unreliable caloric intake (lower than 500 kcal/day or higher than 5.000 kcal/day). Socioeconomic class, demographics, and lifestyle habits characteristics are shown in Tables 1 and 2 . There were no significant differences between genders in terms of race, geographic regions, area, and current smoking status. The mean age of participants was 59.7 ± 13.5 years and was higher among women (60.1 ± 13.7 years). Most participants were from socio-economic classes D and E (53.8% of total), which correspond to incomes of 1 to 3 times minimum wage (lowest level income).
Current and regular alcohol consumption was significantly higher among males (43.1%) than females (20.6%), with a mean intake of 4.15 ± 6.45 drinks per day (Table 1 ; p < 0.001). Smoking was also significantly higher among men. The prevalence of hypertension, dyslipidemia, osteoporosis, rheumatoid arthritis, and gastritis was higher among women; hence, the use of non-steroidal anti-inflammatory drugs (NSAIDs), statins, and supplements such as calcium and vitamins also were higher in women.
Anthropometric data and food intake are shown in Table 2 . According to the WHO classification of BMI (Table 2) 20.9% of females were obese versus 17.9% of males (p = 0.01). Energy intake was higher among male subjects compared to females. However, females had a higher intake of carbohydrates (p = 0.02) and trans fat (p < 0.001). As a result, DII was also higher among females than males (p = 0.01) ( Table 3 ).
Dietary inflammatory index
As shown in Table 3 , mean DII score differed significantly between gender, age groups, region, and socioeconomic classes. Males between 50 and 60 years old had lower DII scores than males aged 41 to 50 years and over 71 years (p = 0.01). Subjects from South (DII = + 1.12) and Central (DII = + 1.11) regions had lower scores indicating more anti-inflammatory diets compared to those from the Southeast (DII = + 1.19), North (DII = + 1.27), and Northeast (DII = + 1.36) regions. Males from the Central region had significantly lower scores than those from the South (p = 0.03), Northeast (p = 0.04) and North (p = 0.01). Moreover, females from the South region had lower scores than those from the North (p = 0.03) and Northeast (p = 0.049). Socioeconomic classes D and E (lowest income) had a higher DII score compared to the other socioeconomic classes (A, B, and C). Males with higher income had lower DII than subjects with lower income.
When DII was converted into quartiles according to gender (Tables 4 and 5 ), men in quartile 2 were mostly from the Southeast and Central regions (p = 0.006). Nonetheless, for both genders, those with pro-inflammatory potential (quartile 4) were from the South, North, and Northeast (p = 0.006). Women taking statins had significantly lower DII scores (0.65 ± 1.14 vs 1.26 ± 0.98; p = 0.002). Additionally, women on hormone replacement therapy (HRT) tended to have lower DII (p = 0.06). However, when analyzed by quartiles, most of the women on HRT were from quartiles 1 and 2 (p = 0.03) ( Table 5 ).
Fractures
Overall, 9% reported low-impact fractures (11.5% of men and 7.9% of women). We did not find any association between low-impact fractures and DII scores. Logistic regression with the DII as an independent variable and fractures as a dependent variable indicated that for every unit increase of the DII score, the chance of having a low-impact fracture was 1.15 times higher (p = 0.08). When adjusted for DM and osteoporosis, we found that for every unit increase of the DII score, the chance of having a low-impact fracture was 1.18 times higher (p = 0.08) (data shown only in text). However, these results did not reach statistical significance in either analysis (Table 6 ).
Discussion
To the best of our knowledge, this is the first population-based study evaluating the association between DII and fragility fractures in a nationally representative sample. Although females had higher DII scores, indicating pro-inflammatory diets compared to males, we did not find any association with low-impact fractures after multiple adjustments. In Iran, postmenopausal women with higher DII scores were more likely to have lower spine BMD measurements [32] . Our findings are similar to the Osteoarthritis Initiative that did not find a statistically significant association between higher DII scores and fractures in men, although it did find higher DII scores in women with fractures [25] . The DII was associated with higher serum levels of CPR in the Seasonal Variation of Blood Cholesterol Study (SEASONS), and CRP of more than 3.0 mg/L was predicted for each one-unit increase in the DII (OR = 1.08; IC = 1.01 to 1.16) based on either 24HR or 7-day recalls [18] . When associated with metabolic syndrome among police officers, DII quartiles 2 to 4 (more pro-inflammatory diets) were more likely to exceed a threshold of 3.0 mg/L for CRP than quartile 1 [19] . In Australia, diet consumed by subjects with asthma was more pro-inflammatory than in healthy controls, and higher DII was associated with impaired lung function [20] . Higher DII scores, especially in males, also were associated with increased risk of colorectal cancer [23] .
Interestingly, the profile of women taking statins in our study was associated with lower DII scores. Although these lower levels can be indicating lower systemic inflammation, the cross-sectional design did not allow us to demonstrate a temporal relationship among these variables [33] . Moreover, low scores may be related to food intake advice given by health professionals and more prospective studies are necessary to establish an effect and causal relationship.
Contrary to our hypothesis, higher BMI was not associated with a more pro-inflammatory diet, emphasizing that some nutrients could have a more positive role in the DII than simply that attributed to total energy consumption and BMI. Considering that nutrients or foods [34, 35] . Our previously published studies have shown some relationships between nutrient intake and osteoporotic fractures such as consumption of antioxidants [36] , and caffeine [37] , as well as clinical risks factors for fractures [2] , recurrent falls [38] , and quality of life [39] . Consumption of solid fats and added sugars (SoFAS) in Brazil corresponds to 52% of daily intake, and they are provided from food with empty calories, especially in women and teenagers [40] . This outcome also was observed in our study. Women from BRAZOS had a higher consumption of carbohydrates and trans fat compared to men, resulting in higher DII scores.
A possible explanation for the association between DII scores and lower income could be explained by the inadequate consumption of fruits and vegetables, which tend to be expensive. According to Sichieri and colleagues [41] , the traditional pattern is mostly determined by socioeconomic conditions, and apart from that, is a protection for overweight and obesity. However, the antioxidant intake was low in the adult Brazilian population [36] , regardless of social class, economic status, race, or region of the country.
The latest Household Budget Survey report describing food intake of the Brazilian population also showed a positive association between consumption of vegetables and fruits and socio-economic classes and a negative association with manioc flour [42] . Fruits, vegetables, skim milk, and dairy intake increased proportionately to higher income. When categorized by the 5 regions of Brazil, the Central region, which had the lowest DII scores (most anti-inflammatory) in our study, had a higher consumption of rice, beans, red meat, and grains.
The South region, with the second lowest DII scores in our study, had a higher consumption of tea, dairy products, vegetables, salad, fruits, and meat. The North and Northeast, with higher DII values, had a significantly higher intake of flour, pasta, and starch. All of these findings related to regional differences may be explained by the history of colonization (Italy and German in the South and Southeast and Portugal in the Northeast, for instance) and lifestyle in this huge continental country [43] .
Limitations and perspectives
Our study has some limitations, such as a lack of measurements of CRP serum levels or other inflammatory biomarkers for comparison with the DII. However, previous studies regarding the DII have shown its ability to estimate CRP levels in other populations. Furthermore, we did not perform any spine radiograph to evaluate morphometric vertebral fractures or DXA measurements for diagnosis of osteoporosis. Also, its cross-sectional design and use of one 24-h recall interview pose another limitation. Another limitation of the 24-h recall is that only 24 out of the 45 food parameters were available for calculating DII scores. It is likely that the results would have been better with more food parameters, such as flavonoids, ginger, onions, and garlic. Further studies with larger sampling size and longitudinal design, particularly intervention clinical trials, are needed to establish the association between the DII and low-impact fractures.
Conclusions
In Brazil, food consumption is basically represented by energy-dense, nutrient-sparse foods, contributing to a higher pro-inflammatory potential. In the present study, women had a higher DII compared to men. We did not find any associations with higher DII and low impact fractures. The profile of women taking statins in this study was associated with diet pattern that were potentially anti-inflammatory. Additionally, because of the cross-sectional design of this study, we are not able to establish a causal relationship. 
